Introduction
Non-specific increase in airway responsiveness to bronchoconstrictor stimuli, namely bronchial hyperresponsiveness, is generally associated with airway inflammation in asthma. In the airways, substance P and related neurokinins, mediators of the sensory pathway, may be locally released after stimulation of C fibre endings. These neuropeptides induce contraction of the airways in the guinea-pig and in human. 2'3 They also have pro-inflammatory effects in the airways 4 ,s and may thus play a role in airway hyperresponsiveness.
These neuropeptides may be degraded by neutral endopeptidase (NEP), an enzyme localized to airway epithelium. Blockade of NEP by phosphoramidon induces increased airway responses to exogenous and endogenous neuropeptides. [7] [8] [9] [10] Bronchial hyperresponsiveness to substance P has been reported after viral infection or cigarette smoke. 11 '12 Since the bronchoconstrictor responses to substance P were not increased after NEP blockade as compared to controls, hyperresponsiveness was attributed to an alteration in NEP activity. 1 '2 We recently developed an experimental preparation of bronchial hyperresponsiveness in which guinea-pigs are sensitized and challenged with the antigen by aerosol. 3 Enhanced bronchopulmonary (C) groups of animals and 1/10 of the dose of substance P (0.1 mg/ml) was used. However, the enhancement of the response was significantly greater in OA challenged (group C) than in saline challenged animals (groups A and B) (p < 0.01, Figure 2 ).
In vitro in the absence of phosphoramidon, concentration-response curves to substance P were similar in sensitized guinea-pigs, whether challenged with OA (group C) or saline (group B) ( Figure 3 ) and in non-sensitized guinea-pigs (group A, not shown). In the absence of epithelium, contractions were of higher amplitude than contractions observed in the presence of the (Figure 3 ). However, a plateau of contraction was not achieved at the highest concentration of substance P used (10/M) neither in the presence nor absence of the epithelium. Preincubation of tracheal segments with phosphoramidon (10/2M) considerably enhanced contraction of the intact trachea to substance P as reflected by an increase in the amplitude of contraction associated with a significant shift to the left of the concentration--response curves ( Figure   3 ). The increase was similar in sensitized animals (groups B and C, Figure 3 ) and in non-sensitized guinea-pigs (group A, not shown). However, the plateau of contraction also was not achieved. In epithelium-free trachea, a plateau of contraction was observed at 1/M substance P and, additionally, a significant shift to the left was observed.
Histology: There was a marked accumulation of eosinophils in the subepithelial and epithelial layer of tracheas from sensitized animals 48 h after OA challenge (group C) as compared with saline challenge (group B). Numbers of eosinophils in the tracheal submucosa after OA challenge (group C, n-5) were 677.8-F 55.5 per mm 2 compared to 76.4 4-18.0 per mm 2 in saline exposed guinea-pigs (group B, n 4). Nevertheless, tracheal epithelium appeared normal in guinea-pigs from both groups B and C (Figure 4) .
Discussion
The present study shows that antigen challenge in aerosol sensitized guinea-pigs induces in vivo airway hyperresponsiveness to substance P, acetylcholine and histamine, which is not associated with any modification of the smooth muscle response to these agents in vitro nor of its modulation by airway epithelium. Forty-eight hours after antigen challenge in sensitized guineapigs, a nonspecific bronchial hyperresponsiveness was observed in vivo as a leftward shift of the doseresponse curves to both acetylcholine and histamine compared to that of control animals. Conversely, in sensitized guinea-pigs challenged with saline, responses were similar to that of control animals, suggesting that bronchial hyperresponsiveness was clearly due to antigen challenge, rather than to sensitization itself.
In phosphoramidon pretreated animals, exposure of sensitized guinea-pigs to antigen also markedly enhanced airway responses to substance P compared with saline challenged and control guineapigs. However, in sensitized animals not pretreated with phosphoramidon, no increased response to substance P was observed after antigen challenge. These observations suggest that the exogenous blockade of NEP, i.e., the prevention of substance P degradation, is necessary to visualize bronchial hyperresponsiveness to substance P. This additionally suggests that neutral endopeptidase is still functional in the airways after antigen challenge. This hypothesis is strengthened by our 
